Conclusions. Airborne-particle abrasion is not necessary to enhance the shear bond strength of the evaluated veneering ceramics to Ce-TZP/A. Liners impair the shear bond strength of veneering ceramics to Ce-TZP/A.
CLINICAL IMPLICATIONS
Airborne-particle abrasion of Ce-TZP/A frameworks to enhance the bond strength to veneering ceramics should be avoided. Liner should not be used when veneering Ce-TZP/A.
In recent years, yttria-stabilized zirconia (Y-TZP) has been increasingly used as a loadbearing material for fixed partial dentures. Y-TZP offers high flexural strength, but its fracture toughness is low. 1, 2 Replacing yttria with ceria (Ce-TZP) results in a significantly increased fracture toughness; however, the flexural strength is affected. 1, 2 To overcome its low flexural strength, Ce-TZP may be alloyed with alumina (Ce-TZP/A) 3 ; thus, the flexural strength is improved while the fracture toughness remains high. The homogeneous dispersion of Al 2 O 3 in a Ce-TZP matrix suppresses grain growth and increases hardness, elastic modulus, and the hydrothermal stability of tetragonal zirconia. 4 Creating a nanocomposite microstructure results in an even greater material toughness and strength. 5 Ce-TZP/A has been used as a load-bearing material in total joint replacement. 6 It is composed of zirconia with 10 mol% ceria and 30 vol% alumina. Due to its high strength, high fracture toughness, and high wear resistance, Ce-TZP/A has also been suggested as a material for fixed partial denture frameworks. 7 Limited information is available on the bond quality of veneering ceramics to Ce-TZP/A. In vitro studies with a single veneering ceramic have shown that the fracture strength of veneered Ce-TZP/A frameworks is similar to that obtained for yttriastabilized zirconia (Y-TZP). 7 However, the bond strength of different veneering ceramics to Ce-TZP/A and the effect of different surface treatments on the bond strength are not known and should be assessed in vitro prior to clinical application. In particular, the hypothesis that airborne-particle abrasion enhances bond strength 8, 9 has not been definitely confirmed. It must be considered that airborne-particle abrasion results in a phase transition at the surface, changing the crystal structure from tetragonal to monoclinic. 10 The 2 different crystal structures exhibit different coefficients of thermal expansion (CTE). 11 No information was identified to determine the effect of this factor on the bond strength to veneering ceramics.
The bond strength of veneering ceramics to Y-TZP seems to be higher than the shear bond strength of the ceramic itself. In shear bond strength tests with Y-TZP/veneering ceramic composites, adhesive failure did not occur at the veneer/zirconia interface, but cohesive fracture in the veneering ceramic near the interface was observed, with residual veneering material remaining on the zirconia surface. [12] [13] [14] The investigators interpreted this as indicating a good bond quality generated by good micromechanical interlocking, compressive stresses near the interface as a result of the thermal mismatch between the 2 materials, or by an adequate chemical bond. [12] [13] [14] The latter 2 hypotheses are supported by the fact that even on polished surfaces, a high bond strength was obtained. 13, 14 From metal ceramic bilayers, it is known that the bond strength is influenced by the difference in the coefficients of thermal expansion of the core and veneering materials. 15, 16 Investigations of the compatibility of Ce-TZP/A and veneering ceramics revealed a strong correlation between the fracture load of single crowns and the difference between Ce-TZP/A and the respective veneering material in terms of CTE.
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Airborne-particle abrasion of the Y-TZP surface does not necessarily enhance the shear bond strength, 13, 14 which may be explained by the fact that the fracture does not occur exactly at the interface but in the veneering ceramic near the interface. 13, 14 The crack propagation seems to occur outside the area of interfacial mechanical interlocking. Compressive stress generated due to the thermal mismatch between the 2 ceramic layers probably has a major role. 17 The coefficient of thermal expansion of Ce-TZP/A is significantly lower (10.2 µm/m·K) than that of Y-TZP (10.8 µm/m·K). 7 It has been shown that commercially available veneering ceramics for Y-TZP may be used on a Ce-TZP/A substrate, 17 but no information is available on the bond strength of these veneering ceramics nor on the most appropriate surface treatment of the substrate.
The purpose of the present study, therefore, was to evaluate the effect of different Ce- 
MATERIAL AND METHODS
Shear bond strength of 6 veneering ceramics (Table I) Two different surface conditions were investigated: as polished and airborne-particle abraded. Airborne-particle abrasion (CEMAT NT-4; Wassermann Dental-Maschinen GmbH, Hamburg, Germany) was performed on the polished face with 110-µm alumina (Hasenfratz, Assling, Germany) for 10 seconds at a pressure of 0.2 MPa and with a distance of 10 mm between the nozzle and the surface of the cube.
On the prepared face of each cube, a 5-mm layer of veneering ceramic (Cerabien ZR;
Noritake Kizai Co Ltd, Nagoya, Japan), covering an area of 5 mm × 10 mm at one edge of the face, was added using a separable steel mold. To avoid the adhesion of ceramic powder to the mold during layering, the intaglio surface of the mold was isolated (Ceramic Separating Stick; Ivoclar Vivadent AG, Schaan, Liechtenstein). The ceramic powder was mixed with an appropriate amount of the respective liquid, as is common practice in a dental laboratory, and poured into the mold. Excess liquid was extracted with tissue paper. Only the dentin ceramic, but not the enamel ceramic, was layered. The veneering ceramic was fired (Austromat D4; Dekema
Dental-Keramiköfen GmbH, Freilassing, Germany) according to the respective manufacturer's recommendations (Table II) . A second layer of dentin ceramic was added by vibrating the slurry into the mold for 2 seconds at 50 Hz (Porex Elektro Vibrator; Renfert GmbH, Hilzingen, Germany) and fired to compensate for the shrinkage of the sintering process. Finally, a glaze firing was performed.
The completed specimens were fixed in a custom-made specimen holder and placed in a universal testing machine (Z010; Zwick, Ulm, Germany). A shear force was applied to the veneer-ceramic block interface through a chisel-shaped loading device positioned parallel to the cube surface at a crosshead speed of 1 mm/min until bond failure. 14 The shear bond strength was calculated using the load at fracture and the surface area of the zirconia/veneer interface.
Subsequently, the shear bond strength of the other 5 veneering ceramics (Table I) Germany), were measured, following the previously described procedure. In these tests, only polished substrate surfaces were used. In every case, a second series of substrate specimens was produced with application of the respective liner prior to veneering. The application of a liner significantly decreased the shear bond strength (P=.003) (Table IV ).
Significant differences were found between the shear bond strengths to Ce-TZP/A and those to hipped Y-TZP (P=.022) (Fig. 3 , Table V ). The application of a liner had no significant effect on the shear bond strength to Y-TZP. The SEM revealed that, for every specimen, a thin layer of veneering ceramic remained on the core material (Fig. 4) .
DISCUSSION
The results of the present study do not support rejection of the first null hypothesis.
Airborne-particle abrasion has no significant effect on the shear bond strength between Ce-TZP/A and the veneering ceramic. The second null hypothesis was rejected, as small but statistically significant differences were found between the respective bond strengths of Ce-TZP/A and Y-TZP to veneering ceramics.
In contrast to the assumption that a rougher surface provides a higher bond strength due to a larger surface area for bonding and additional mechanical undercuts, 8,9 the airborne-particle abrasion in the present investigation slightly, but not significantly, decreased shear bond strength. This effect may be explained by the fact that adhesive debonding did not occur at the interface, but a cohesive fracture was observed in the veneering ceramic near the interface. It may be assumed that a compressive stress is established in the veneering ceramic due to the thermal mismatch between the zirconia substrate and the veneering ceramic. The compressive stress reinforces the veneering ceramic, and this effect will be more pronounced near the interface. The mechanism of strengthening by compressive stress due to thermal mismatch is well known for metal ceramic systems. 15, 16 In addition, previous investigations with veneered Ce-TZP/A frameworks showed a strong correlation between the thermal mismatch and the fracture load. 17 The highest fracture load was obtained when the coefficient of thermal expansion was approximately 1.0 µm/m·K lower than that of Ce-TZP/A. These findings are in accordance with values reported for metal ceramic systems. 16 It may be argued that the crack propagation chosen because, in a previous study, it was reported that the fracture load of single crowns with hipped Y-TZP frameworks was significantly higher compared to that of single crowns with Ce-TZP/A frameworks. 7 One hypothesis was that higher bond strength was the reason for the difference. Based on the present results, it might be concluded that the fracture load of single crowns fabricated with a specific zirconia/veenering ceramic composite is determined by the strength of the core material, and not by the shear bond strength of the core/veneer composite.
Therefore, it may be assumed that the slight difference in shear bond strength between Ce-TZP/A and Y-TZP, which was observed in the present study with the veneering ceramics Cerabien ZR and Vintage ZR, has no clinical relevance. In contrast, those veneering materials which exhibited the lowest shear bond strength in the present study may only be applied with caution.
In every situation, the liner reduced the shear bond strength of the respective veneering ceramic to Ce-TZP/A. One possible reason might be a generally reduced strength of liners compared to dentin ceramic, but that theory should also apply for Y-TZP, which was not the situation in the present investigation. The observation requires further study.
In the present study, Ce-TZP/A cubes with an edge length of 10 mm were used. That dimension does not represent the clinical situation. Furthermore, the heat capacity and thermal conduction behavior of the substrate must be different than that of the framework. Therefore, the results are most likely not directly comparable to the clinical situation, and this is a limitation of the study. As no power analysis was performed to determine sample size, it is not clear if the sample size was large enough to draw meaningful conclusions.
In addition, in the present investigation, the veneering ceramic was layered onto a polished zirconia surface. This procedure was selected to generate a reproducible surface topography and to exclude the effect of mechanical interlocking on bond strength, insofar as possible. The effect of this laboratory design in contrast to the clinical situation cannot be assessed from the present results, which is another shortcoming of the study.
CONCLUSIONS
Within the limitations of this study, the following conclusions were drawn: 
